In this study a method proposed by Byun & Wilhite, which estimates drought severity and duration using daily precipitation values, is applied to data from stations at different locations in Greece. Subsequently, a series of indices is calculated to facilitate the detection of drought events at these sites. The results provide insight into the trend of drought severity in the region.
INTRODUCTION
Drought is characterized as an extreme hydrometeorological event. As a natural disaster, drought is considered to be one of the worst enemies of humanity. Despite drought's relationship to a deficit of water resources due to insufficient precipitation for an extended period of time, there is no universally acceptable definition of drought. The reason is that drought is not a distinct event and is often the result of many complex factors which interact with the environment. Furthermore, drought is the subject of study by experts from various scientific disciplines because it impacts so many aspects of human activities.
Thus, drought can be classified as meteorological, agricultural, hydrological and socioeconomic.
Numerous studies dealing with drought have been carried out globally. A number of these studies have focused on the Mediterranean region, which consists of countries that are often affected by drought events (among others are Reiser & Kutiel (2008a,b) and Lana et al. (2008) ). In Greece, the very serious drought of 1990 provided motivation for a more systematic study of drought by many investigators (Maheras 1992; Baloutsos et al. 1993; Theoharatos & Michalopoulou 1993; Spiliotopoulos & Michalopoulou 2000; Spiliotopoulos et al. 2002; Anagnostopoulou et al. 2003; Papaioannou et al. 2007 and others) .
The quantification of the most important characteristics of drought, such as intensity, duration and areal extent, facilitates the study of this important phenomenon. Quantification addresses variables such as rainfall, soil moisture, evapotranspiration, waterway inflow and outflow, and others. Often, one or more of these variables are combined in a formula to create a drought index.
Due to the seriousness of the problems caused by drought, several drought indices have been proposed for widespread application, but unfortunately they do not give satisfactory results for all climatic zones (Palmer 1965; Rooy 1965; Bhalme & Mooley 1980; Oladipo 1985) . Among the shortcomings of these indices is the fact that the time unit of assessment is often too long (a month or longer). But the daily time unit should be used because the water reserves of conditions often with only a day's rainfall. Another problem is the storage component of water resources. Soil moisture is quickly influenced by a recent deficiency of precipitation but water resource deficiencies in reservoirs or other sources are affected by much longer-term precipitation totals. Furthermore, some drought indices take into account estimates of some parameters such as soil moisture and evapotranspiration. Moreover, the consideration of diminishing water resources over time may not be realistic.
Thus, a simple summation of precipitation may not provide good results in detecting water deficiency.
More recently Byun & Wilhite (1999) proposed a new drought index based on daily precipitation; this study is based on their method. Since the introduction of Byun and Wilhite's method, only a few attempts to verify it have been carried out, namely in Korea (Min et al. 2003; Kang & Byun 2004; Kim & Byun 2006) , India (Pandey et al. 2007 ) and Iran (Morid et al. 2006) . This study represents a new approach for the detection of significant drought events in Greece during the period 1965-2001 using only daily precipitation values.
METHOD AND DATA ANALYSIS
In this study, the detection of drought in Greece is carried out using daily precipitation data from 14 stations of the Hellenic National Meteorological Service network. A series of indices is calculated using the method proposed by Byun & Wilhite (1999) . The proposed set of drought indices attempts to overcome the aforementioned weaknesses of other indices in an effort to improve drought monitoring.
The advantages of the Byun and Wilhite method include the use of daily precipitation values alone and the introduction of a new concept, Effective Precipitation (EP). EP is the summed value of daily precipitation with a time-dependant reduction function. Thus, the only data needed for calculation of the drought indices is daily precipitation values for a period of the order of 30 years or more. EP, which represents the daily depletion of water resources, is calculated using the equation (1) is considered to be the most appropriate for representing the depletion of water resources (Lee 1998; Shim et al. 1998) .
Once the daily EP of a station has been computed, a of ANES is that it may mistake a prolonged period of weak water deficit as severe drought. † APD (accumulated precipitation deficit) shows the accumulated deficit of precipitation and is calculated by Equation (4):
where P m is daily precipitation m days ago. The index j is the duration of summation and is The coordinates and elevation of the stations are given in Table 1 .
Drought severity can be estimated according to the classification of SEP values provided in Table 2 . As this study is concerned with drought, the focus is on negative SEP values. lasted from 14 September 1989 until 28 October 1990. Return to Normal (PRN) can be calculated by Equation (5):
:
Correspondingly, in Figure 1 
Regional spread of droughts
In order to estimate the regional spread of the droughts that affected Greece during the period addressed by this study, the number of stations that were affected by at least one severe drought event (SEP , 21.5) is illustrated in Figure 2 .
It is evident in Figure 2 that the drought event of 1990 dominated the period under study, affecting all 14 stations. However, in most cases this trend was not statistically significant at the selected significance level. Greece where they result in significant rainfall. The fact that drought mitigation occurs mainly in autumn has also been noted by other investigators (Baloutsos et al. 1993) .
Cluster analysis
In the final part of this study, the stations were separated into clusters with similar drought characteristics. The clustering method applied was Hierarchical Cluster Analysis in version 9.0 of SPSS. The variable used for clustering was the daily value of the SEP index. This resulted in five clusters shown in Table 3 and illustrated in the relevant dendrogram in Figure 5 .
The stations comprising the five different clusters in Table 3 was separated into five areas using factor analysis of precipitation amounts. Hence, the clustering shown in Table 3 is strongly related to the climate of Greece and its interannual variability, as mentioned in Livada & Assimakopoulos (2006) .
CONCLUSIONS
In this study, a new method was used for the detection of showed that the least number of days with severe drought are observed in autumn. This can be explained by the onset of the rainy season in Greece, which occurs in autumn and offers mitigation from severe drought. This is also related to the fact that EP (and SEP) values in autumn appear to have significantly higher positive skewness than in the other seasons.
Finally, the stations were clustered according to the similarity of drought characteristics using Hierarchical Cluster Analysis. The resulting clustering, which grouped stations from adjacent geographical areas, can be attributed to the climate of Greece and its interannual variability.
In summation, the method developed by Byun & Wilhite (1999) provides a means for a more exact determination of the beginning and the end of a drought event.
Moreover, it allows for the daily monitoring of the evolution of a drought event. This information could help the state authorities regarding the choice and implementation of measures to mitigate the effects of drought. However, further research is required prior to any operational use of this method. The label refer to the station number (listed in Table 1 ) and the number of the cluster in which that station is included. For example, 1/C2 refers to the Agrinion station that is part of cluster 2.
